in dogs is characterized by rapid accumulation of air in the stomach, malposition of the stomach, increased intragastric pressure, and often cardiogenic shock. The risk of GDV can be high in some larger breed dogs. For example, in a recently completed 5-year prospective study of > 1,900 show dogs, incidences of GDV in 7 large (23 to 45 kg [50 to 99 lb]) and 4 giant (> 45 kg [> 99 lb]) breeds were 23 and 26 cases/1,000 dog-years at risk, respectively.
March 1997, the investigators visited 27 national or specialty dog shows held throughout the United States. Owners were told of the nature of the study and asked to enroll any of their dogs that were in attendance. Owners who agreed to participate were requested to provide their name, address, and telephone number, the American Kennel Club' s registered name of their dog, weight of their dog, and information regarding whether their dog or any of its first-degree relatives (ie, siblings, offspring, and parents) had ever had GDV. Owners also gave written permission allowing the investigators to contact them periodically by telephone or mail. Confidentiality of all information provided by owners was emphasized. Dogs were measured at the show using a standardized protocol. These measurements included length (humeral deltoid tuberosity to ischium), height at the top of the withers, depth and width of the thorax at the level of the costal arch, and depth and width of the abdomen at the level of the umbilicus. Body condition (eg, thin, lean, optimum, overweight, obese) was also recorded. Procedures used in this study were approved by the Committee on the Use of Human Research Subjects and the Animal Care and Use Committee of Purdue University.
Data collection-Within 30 days after enrollment, owners were mailed an 8-page questionnaire designed to gather information concerning their dogs' current vital status and history of GDV. A detailed description of the questionnaire and follow-up procedures has been published. 1 Dogs that had developed GDV prior to enrollment in the study were excluded.
Data management and analysis-Data were analyzed with a statistical software program.
a Incidence of GDV and associated 95% confidence limits (CL) were calculated for the 4 giant (body weight > 45 kg [> 99lb]) breeds combined (Great Dane, Irish Wolfhound, Newfoundland, Saint Bernard) and for the 7 large (23 to 45 kg [50 to 99 lb]) breeds combined (Akita, Bloodhound, Collie, Irish Setter, Rottweiler, Standard Poodle, Weimaraner), as described. 1 This same approach was used to calculate incidence of GDV for dogs that had or had not been exposed to potential hostrelated, morphometric, personality or temperament, and environmental or management risk factors for GDV. The relative risk and its 95% CL and P value were calculated for each potential risk factor (univariate analysis) by dividing the incidence of GDV among dogs that had been exposed to the risk factor by the incidence among dogs that had not been exposed. The population attributable risk for potentially modifiable risk factors for GDV was calculated on the basis of the prevalence of these risk factors and their relative risk. 6 Risk factors associated with GDV in univariate analyses at P < 0.2 were included in a multivariate Cox proportional hazards regression analysis. 7 Separate hazards models were created for host, morphometric, personality or temperament, and environmental or management factors. Risk factors for which the P value was < 0.1 were entered into a final proportional hazards model for large and giant breed dogs combined. Risk factors for GDV in the final model were considered to be significant if P was < 0.05. Because there were differences among the 11 breeds in regard to size and body shape and between males and females within a breed, morphometric measurements and indices were standardized by breed and sex for the risk factor analysis. This was done by calculating the mean and SD for each measurement or index by breed and sex. Values for each dog were classified as low (> 1 SD less than the mean), medium (between 1 SD less than the mean and 1 SD greater than the mean), or high (> 1 SD greater than the mean).
Results
Signalment of dogs enrolled-Owners of 1,991 dogs answered the initial questions at dog shows, but 77 (3.9%) dogs were excluded, because they had a history of GDV. Of the remaining 1,914 dogs that were enrolled in the prospective study, vital status information was obtained for 1,843 (96.3%) at least once during the follow-up period, and the detailed questionnaire was completed for 1,660 (86.7%). Of these 1,660 dogs, 23 (1.4%) were < 6 months old at the time of enrollment in the study and were excluded from further analysis. Thus, 1,637 (82.2%) of the 1,991 dogs initially enrolled in the study were available for characterization of risk factors for GDV. Other common causes of death included cancer (46 dogs) and neurologic diseases (9 dogs). Twenty-four dogs died of unknown causes. Death rate for the 894 large breed dogs was 41 deaths/1,000 dog-years at risk (95% CL, 33 to 49 deaths/1,000 dog-years at risk) versus a rate of 56 deaths/1,000 dog-years at risk (95% CL, 44 to 68 deaths/1,000 dog-years at risk) for the 743 giant breed dogs (P = 0.05).
Incidence of GDV-Overall, 98 dogs included in the study developed GDV. We did not detect a significant (P = 0.54) difference between incidence of GDV among large breed dogs (24 cases of GDV/1,000 dog-years at risk; 95% CL, 18 to 30 cases/1,000 dog-years at risk) and incidence among giant breed dogs (27 cases/1,000 dogyears at risk; 95% CL, 19 to 35 cases/1,000 dog-years at risk). During the study, 21 (2.4%) of 894 large breed dogs and 20 (2.7%) of 743 giant breed dogs had at least 1 episode of GDV for each year of observation. Of the 98 dogs that developed GDV, 29 (30%) died. The cumulative incidence of GDV during the study was 6.0% for the large breed and giant breed dogs.
Risk factor analysis-In univariate analyses of potential host risk factors for GDV, increasing age and a history of GDV in any first-degree relative, or specifically in a sibling or offspring, were associated with an increased risk of GDV (P < 0.2) in large breed and giant breed dogs (Table 2 ). An increased speed of eating was associated with an increased risk of GDV in large breed, but not giant breed, dogs. Host factors associated with an increased risk of GDV in giant breed, but not large breed, dogs were having a thin or lean body condition, a history of chronic medical problems, and postprandial abdominal distention. 2 . For each factor, the mean and SD were calculated by breed and sex. Values for each dog were then classified as low (Ͼ 1 SD less than the mean), medium (between 1 SD less than the mean and 1 SD greater than the mean), or high (Ͼ 1 SD greater than the mean).
See Table 2 for key. Morphometric factors associated with a decreased risk of GDV in large breed dogs were greater height, lower weight, and lower abdominal width, whereas morphometric factors associated with decreased risk of GDV in giant breed dogs were lower thoracic width, greater abdominal width, and a lower abdominal depth-towidth ratio (Table 3 ). The only personality or temperament factor associated with an increased risk of GDV in large breed dogs was aggression to people, whereas submission to other dogs or to people decreased the risk of GDV. In the giant breed dogs, a high activity level and a high level of happiness decreased the risk of GDV (Table 4) . Among the environmental and management factors, having a raised feeding bowl and restricting water intake before and after eating increased the risk of GDV in large breed and giant breed dogs (Table 5) . In large breed dogs, but not in giant breed dogs, having a rural residence, restricting exercise before and after eating, and moistening dry dog food prior to feeding increased the risk of GDV, whereas attending dog shows decreased the risk of GDV. In giant breed dogs, but not in large breed dogs, having an urban residence increased the risk of GDV. The final proportional hazards risk model included 10 potential risk factors and 1 interaction term (speed of eating X breed size). Factors significantly (P < 0.05) associated with an increased risk of GDV, whether adjusted for the other terms in the model or not, were increasing age, having a first-degree relative with a history of GDV, having a faster speed of eating, and having a raised feed bowl (Table 6 ). Risks of GDV for dogs with a first-degree relative with a history of GDV, compared with dogs that did not have a firstdegree relative with a history of GDV, were increased 89 and 63%, respectively, in the unadjusted and adjusted risk models. The risk of GDV increased by approximately 20% with each year of age and by 38% with each unit increase in speed of eating (speed of eating was scored on a scale from 1 to 10). However, the relative risk of GDV associated with speed of eating could not be directly interpreted because of the significant interaction between speed of eating and breed size. Therefore, the relationship between speed of eating and GDV incidence was examined separately for large breed and giant breed dogs. A faster speed of eating increased the risk of GDV in large breed dogs but decreased the risk of GDV in giant breed dogs (Fig 1) . Factors in the final model not significantly associated with risk of GDV included breed size, thoracic depth-to-width ratio, body condition, place of residence, whether water intake was restricted prior to eating, number of meals fed daily, and activity level of the dog.
Results of the final proportional hazards risk model were used to calculate the population attributable risk of GDV for significant risk factors that owners could potentially modify. For large breed and giant breed dogs in the present study, 20.4 and 51.9%, respectively, of the cases of GDV could be attributed 8 to using a raised feed bowl (Table 7) . For the large breed dogs, 37.8% of the cases of GDV could be attrib- RR ϭ Relative risk (incidence of GDV among dogs that had been exposed to the factor of interest divided by incidence among dogs that had not been exposed). CI ϭ Confidence interval. 
Discussion
Results of the present study confirmed that various factors suspected to be risk factors for GDV in large breed and giant breed dogs were indeed associated with development of the condition. This included increasing age and having a first-degree relative with a history of GDV. It has been suggested that increasing age is associated with stretching of the ligaments that support the stomach, which facilitates volvulus when the stomach is weighted with food. 9 Similarly, a deeper and narrower thorax is thought to change the anatomic relationship between the stomach and esophagus such that the dog' s ability to eructate is impaired. 5 In the present study, however, although the risk of GDV increased as the thoracic depth-to-width ratio increased, this relationship was not significant. A genetic predisposition to GDV may operate through inheritance of a particular body shape, personality, or temperament that predisposes to GDV. As in a previous study, 3 giant breed dogs in the present study reported by their owners to be happier or to have a higher activity level were found to be at reduced risk of GDV in univariate analyses, but no association was apparent in multivariate analyses between a particular temperament or personality profile and risk of GDV. A faster speed of eating was also confirmed to be a risk factor for GDV, as in a previous study, 3 but only for large breed dogs. Why speed of eating would be a risk factor for large breed, but not giant breed, dogs was not determined. It suggests, however, that recommendations to prevent GDV should differ depending on the size of the dog.
Numerous recommendations for preventing GDV in dogs have been published in veterinary textbooks 5 and lay magazines 10 and appear in literature from dog food companies 11 and on the Internet. These recommendations typically include the following: feed several small meals daily, avoid exercise or excessive water consumption immediately before or after eating, slow the speed of eating, moisten dry food prior to feeding, and raise the level of the feed bowl to reduce air intake. However, none of these recommendations have been based on sound scientific evidence, and their efficacy has never been formally evaluated. One textbook 12 recommends that long-term management of dogs susceptible to GDV should include frequent feeding to minimize gastric distention, reduction of postprandial exercise, and avoidance of short-term consumption of large volumes of water. However, in the present study, feeding fewer meals per day, restricting exercise or water intake immediately before or after eating, and raising the feed bowl were not associated with a decreased risk of GDV in the multivariate analysis. In addition, in univariate analyses, many of the recommendations commonly made to prevent GDV, such as raising the food bowl, moistening dry food prior to feeding, and restricting water intake before and after feeding, were associated with a significantly increased risk of GDV. Most likely, however, many of these factors were significant only because of confounding. For example, owners of dogs that had a first-degree relative with GDV were more likely to restrict water and exercise before and after feeding than owners of dogs that did not have a first-degree relative with GDV. Thus, when these potential risk factors were included in a multivariate model that also included whether there was a history of GDV in a first-degree relative, they were no longer associated with an increased risk of GDV. However, even in the multivariate analysis, raising the feed bowl appeared to significantly increase, and not decrease, the risk of GDV. One can question, therefore, whether in large breed and giant breed dogs raising the feed bowl might actually increase the amount of air ingested while eating.
In a previous study, 3 a variety of stressful events, including being boarded, having a pet sitter in the house, exercising excessively, visiting a veterinarian, traveling, having strangers in the home, or changing residence, occurred more frequently during the 8 hours preceding an acute episode of GDV in affected dogs than during a comparable time period in breedand age-matched control dogs. In the present study, however, no attempt was made to determine whether an episode of stress preceded development of GDV, because the focus was on predisposing factors rather than precipitating events.
Many dog owners in the present study reported attempting to prevent GDV by giving their dogs medications to reduce gas formation or to increase gastric motility; however, these efforts did not appear to reduce the incidence of GDV. This may be explained by the fact that owners of dogs that were at higher risk because they had a first-degree relative with GDV were Table 7 -Population attributable risks (AR) for potentially modifiable risk factors for GDV in large breed and giant breed dogs more likely to use medications in an attempt to prevent GDV. Only 22 owners in the study reported having had a prophylactic gastropexy performed on their dog, and 1 of these dogs subsequently developed GDV. On the basis of these small numbers, prophylactic gastropexy was not associated with a significantly decreased risk of GDV. However, a previous study 13 found that following an acute episode of GDV, the rate of recurrence of GDV for dogs that had a gastropexy was 4.3%, compared with a rate of 54.5% for dogs that did not undergo gastropexy. It seems likely, therefore, that gastropexy might be effective in preventing a first episode of GDV in genetically predisposed dogs.
Most breeds of dogs included in the present study were reported anecdotally or found in retrospective studies 14 to be at a significantly higher risk of GDV. Owners of such dogs frequently seek a veterinarian' s advice on how to reduce their dog' s risk of GDV. On the basis of findings of the present study, the strongest recommendation to prevent GDV should be to not breed a dog that has a first-degree relative that has had GDV. Results of this study suggest that the incidence of GDV could be reduced by approximately 60%, and there may be 14% fewer cases in the population if such advice were followed. However, owners may not be familiar with the medical history of the relatives of their dog. Also, because the incidence of GDV increases with age and the typical age at the time of the first episode of GDV is 10 to 12 years, 1,14 some first-degree relatives may appear healthy at the time a breeding decision is required but still develop GDV later in life. Nonetheless, not breeding dogs with first-degree relatives that have had GDV should reduce the prevalence of this disease within a breed. On the other hand, at this time, there seems to be no advantage to restricting water intake or exercise before or after eating. Slowing a dog' s speed of eating should be effective in preventing GDV in large breed dogs, but it appears contraindicated in giant breed dogs. Raising the dog' s feed bowl should not be done for either large breed or giant breed dogs. Finally, owners of dogs at the highest risk of GDV, such as Bloodhounds and Great Danes, 1 should discuss with their veterinarian having a prophylactic gastropexy performed at the time of surgical neutering of their dog. There is no scientific evidence indicating that gastropexy will prevent a first occurrence of GDV; however, gastropexy has been shown to prevent a recurrence of GDV following an acute episode. 13 Owners of high-risk dogs often seek information concerning diet or feeding changes that might reduce the risk of GDV. In previous studies, it has been shown that dogs fed only dry dog food 3 or foods containing particles < 30 mm in diameter 15 were at increased risk of developing GDV. However, no specific food types or ingredients have yet been implicated in the pathogenesis of GDV. Detailed dietary information was collected as part of the prospective study of which the present study represents a portion. Findings of the dietary analysis will be the subject of a later report. a Proc Univariate, Proc Phreg, SAS Institute, Cary, NC.
